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The Kendall Mine is in the North Moccasin Mountains, in the 
central Montana alkaline province. A Tertiary syenite 
laccolith doming the overlying sedimentary rocks formed the 
North Moccasin Mountains. Gold deposits of ore grade occur in 
breccia bodies in the Mississippian Mission Canyon Formation. 
The mineralized breccia bodies define an arcuate zone along 
the southeastern and eastern slopes of the mountains.
The arcuate shape of the mineralized zone is controlled by 
a ring fracture which formed during doming of the sedimentary 
rocks by the syenite laccolith. This structure is probably 
responsible for channelling the ore-bearing fluids.
The breccia bodies may have been produced by movement along 
the ring fracture, or the collapse into cavities formed by 1) 
the evacuation of a vapor bubble trapped near the top of the 
magma chamber, 2) dissolution of rock by hydrothermal fluids, 
or 3) shrinkage of the magma body accompanying 
crystallization. Collapse into cavities is inferred because 
of the lack of a rock flour (fault gouge) matrix.
Petrography, geochemical data, alteration mineral 
assemblages and geologic setting indicate that the Kendall 
deposit is a low-sulfide, epithermal-type gold deposit. Gold 
is believed to have been carried by bisulfide complexes and 
deposited because of an increase in oxygen activity and/or 
lowering of the amount of reduced sulfur in solution caused by 
mixing with meteoric water. The gold-bearing hydrothermal 
fluid(s) was also enriched in fluorine, arsenic, antimony, 
mercury, thallium, and zinc.
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Chapter I 
Introduction
Canyon Resources' Kendall mine is approximately 20 km 
north of Lewistown, Montana, within the North Moccasin 
Mountains of the Central Montana alkaline province (Fig. 1). 
The Kendall district produced 450,000 ounces of gold between 
1900 and 1942 (Kurisoo, 1991). Current production began in 
1988 with a total of 7.7 million tons of ore having an average 
grade of 0.044 ounces per ton gold (340,000 ounces gold) 
(Kurisoo, 1993). Gold mineralization occurs predominantly in 
and adjacent to various breccia bodies hosted by the limestone 
of the upper Madison Group (Mission Canyon Formation) (Fig. 
2). À breccia-fault zone, containing all the ore bodies, 
forms an arc extending in a northeast direction from south of 
the Kendall breccia body through the Horseshoe breccia body 
(Lindsey, 1985 and Lindsey and Naeser, 1985).
Because of the economic significance of these breccia 
bodies, it is important to understand the age and origin of 
b^cciation and the mineralization process. This study 
presents pétrographie, clay mineralogical, and geochemical 
data of both mineralized and barren materials. Because the 
Muleshoe, Kendall, and Horseshoe breccia bodies contain 
economic gold grades, they are described in greater detail 
than the subeconomic Little Dog Creek, Mason Canyon, Plum 
Creek, and Cemetery Hill breccia bodies.
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Figure 1. Regional geology showing the approximate outline of the Great Falls Tectonic Zone (GFTZ) (O'Neill and Lopez, 1985), Montana Disturbed Belt (Stebinger, 1918) , and Central Montana Alkaline Province (CMAP) with the locations of the Alkaline intrusions. SGH=Sweetgrass Hills, BPM=Bear Paw Mountains, LRM=Little Rocky Mountains, HW=Highwood Mountains, NMM=North Moccasin Mountains, SMM=South Moccasin Mountains, JM=Judith Mountains, LBM=^Little Belt Mountains, BSM=Big Snowy Mountains, BBM=Big Belt Mountains, CM=Crazy Mountains, BTM^Beartooth Mountains.
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figure 2. Caption on following pago
riguro 2. Geologic map of a portion of the North Moccasin 
Mountains (modified rom Lindsay, 1932). Map shows the 
location and geologic setting of the breccia bodies studied, 
open pits and adits. The Plum Creek (PC) and Cemetery Hill 
iCMH) breccia bodies are not mineralized, the Little Dog Creek 
(LDC) and Mason Canyon (MC) breccia bodies are subeconomically 
minerali zed, and the Kendall (KB), Horseshoe (HSB) and 
Muleshoe breccia bodies are economically mineralized.
LEGEND
Tb Breccia Bodies (Paleocene?)
Tcb Crackle Breccia (Paleocene?
Tqs Quartz Syenite (?) Porphyry (Paleocene?),
intensely argillized groundmass with feldspar 
phenocryst ghosts and about 10% quartz eyes
Ts Syenite Porphyry (Paleocene?)
JKu Undivided sedimentary rocks, Jurassic Morrison 
Formation and Ellis Group and Cretaceous 
Kootenai and Colorado Formations
Mu Undivided Mississippian sedimentary rocks, 
Kibbey Formation and Madison Group
CDu Undivided sedimentary rocks, Cambrian Pilgrim 
and Flathead Formations and Devonian Jefferson 
Formation
Contact
ét Faults and Fractures, dashed where inferred
Shaft
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Line of Cross-section (Figure 19)
Chapter II 
Regional Geology
Regional Structure
The Great Falls tectonic zone dominates central Montana 
and was described recently by O'Neill and Lopez (1985) (Fig. 
1). It is about 200 km wide, 1500 km long, and extends 
northeasterly from near Idaho City, Idaho, to southern 
Saskatchewan, Canada. Within this zone, calc-alkaline rocks 
lie west of the Boulder batholith and most of the Central 
Montana Alkaline Province lies to the east (O'Neill and Lopez, 
1985; Kiilsgaard et al., 1986).
O'Neill and Lopez (1985) describe the zone as a 
Proterozoic(?) "basement-controlled crustal weakness." In 
Central Montana, the zone is delineated by linear gravity and 
aeromagnetic anomalies. Late Cretaceous to Early Tertiary 
igneous intrusions, and volcanic rocks. The igneous complexes 
include calc-alkalic to alkalic laccoliths with some extrusive 
equivalents and mafic diatremes. Base and precious metal 
deposits occur in some of the igneous complexes.
Sedimentary Rocks
Central Montana is veneered by nearly flat lying 
Paleozoic and Mesozoic sedimentary rocks resting unconformably 
on Precambrian schists and gneisses. The oldest formation in 
the North Moccasin Mountains is the Cambrian Pilgrim 
Formation, a thin-bedded gray to tan marine limestone about 60 
m thick which is disconformably overlain by the Devonian
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Jefferson Formation, a thin- to medium-bedded, dark gray 
crystalline dolomite about 100m thick (Lindsay, 1982). A 
major regional unconformity separates the Jefferson Formation 
from the Mississippian Madison Group (Lodgepole and Mission 
Canyon Formations). The Lodgepole Formation is thin-bedded 
gray and cherty marine limestone 120 m thick and the Mission 
Canyon Formation is massive gray marine limestone 200 m thick. 
The fine-grained, brown, quartz sandstone and siltstone of the 
60 m thick Mississippian Kibbey Formation overlies the Madison 
Group (Lindsay, 1982).
A second regional unconformity separates the 
Mississippian Kibbey Formation and the Jurassic Piper 
Formation, a dark gray to black marine shale and thin-bedded 
limestone 60-70 m thick. A regressive sedimentary sequence 
follows throughout Jurassic time; Rierdon Formation - gray to 
brown marine shale, 30 - 40 m thick; Swift Formation - brown, 
glauconitic, calcareous sandstone, siltstone and claystone 20 
- 40 m thick; and the Morrison Formation - red and brown 
terrestrial mudstone, siltstone and sandstone with minor coal, 
65 m thick. The Cretaceous Kootenai (black and maroon 
terrestrial mudstone, 165 m thick) and Colorado (brown sandy 
and silty terrestrial shale with minor sandstone, 250 m thick) 
formations lie above (Lindsay, 1982).
Mississippian karst formation occurred within the middle 
and upper portions of the Madison Group (Thom, 1922, Thom et 
al., 1935 and Sloss and Hamblin, 1942). Solution cavities.
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formed along joints and bedding planes of the middle and upper 
formations of the Madison Group, were subsequently infilled by 
red mud and calcareous mudstone. Minor collapse caverns were 
also infilled by red mud and calcareous mudstone around the 
collapsed blocks.
The Kibbey formation, deposited in Late Mississippian 
time as the sea regressed, was partially eroded in Early 
Jurassic time forming the second regional unconformity. 
However, no documented karst formation occurred during this 
erosional event.
Igneous Rocks
Alkaline igneous rocks occur in the Central Montana 
Alkaline Province. This region is approximately 200 km wide 
and extends from Yellowstone National Park to the Canadian 
border. Within the province, where it overlaps the Great 
Falls Tectonic Zone, there are 12 exposed Tertiary alkaline to 
calc-alkaline intrusive centers. The stocks and laccoliths 
are typically felsic to intermediate and shoshonitic. Late 
Cretaceous mafic diatremes occur in the vicinity of the 
Missouri Breaks.
Chapter III 
Geology of the North Moccasin Mountains
At approximately 62.5 ± 3.5 Ma, the North Moccasin
Mountains Laccolith domed nearly 2 km of overlying sedimentary 
rocks to form the North Moccasin Mountains (Lindsey, 1982; 
Lindsey and Naeser, 1985). The sedimentary rocks dip steeply 
on the western side of the intrusion, and have shallow dips on 
the eastern side. Numerous apophyses extend laterally from 
the main intrusive body cutting upsection through the 
overlying sedimentary rocks. Lindsey and Naeser (1985) and 
Lindsey (1985) proposed that these dikes intrude roughly along 
radial fractures produced during the doming of the sedimentary 
rocks.
The sedimentary sequence is dominated by carbonate rocks, 
ranging in age from Cambrian to Jurassic. Doming and erosion 
have exposed the syenite in the interior of the mountains, 
along with the flanking sedimentary rocks (Fig. 2).
The breccia bodies (Muleshoe, Horseshoe, Kendall, Little 
Dog Creek, Mason Canyon, and Cemetery Hill) formed along the 
eastern slope of the mountains, mostly within the Mission 
Canyon Formation. In the Muleshoe pit, the lithified red mud 
and calcareous mudstone resulting from Mississippian karst 
formation (Thom, 1933; Thom et al., 1935; Sloss and Hamblin, 
1942) are clearly visible along the bedding planes of the 
Mission Canyon Formation. Fragments of this lithified
9
sediment are also present within the Muleshoe, Horseshoe and 
Kendall breccia bodies.
Chapter IV
Breccia Body Distribution and Description
À detailed description of the breccia bodies can be found 
in table 1. Some of the basic characteristics are also listed 
below. The total depth of the breccia bodies is not known.
The economically mineralized Muleshoe, Horseshoe and 
Kendall breccia bodies occur along an arcuate zone in the 
upper Mission Canyon Formation (Fig. 2). The Muleshoe breccia 
body is a roughly circular feature, approximately 180 m in 
diameter within the Mission Canyon Formation (Fig. 3). The 
Horseshoe breccia body is an irregularly-shaped, northeast 
trending, elongate body about 120 by 25 m, in the Mission 
Canyon Formation, and intersects a northeast-trending syenite 
dike. The Kendall breccia body is an irregular, northeast- 
trending body with maximum dimensions about 100 by 60 m. They 
all contain angular fragments of limestone and lithified 
Mississippian-age cave-fill. However, only the Kendall and 
Horseshoe breccia bodies contain megascopic syenite fragments. 
All three are clast-supported with minor carbonate matrix.
The subeconomically mineralized Little Dog Creek and 
Mason Canyon breccia bodies lie in the lower portion of the 
Mission Canyon Formation, west of the main mineralized zone. 
These breccia bodies contain limestone and syenite fragments, 
and are clast-supported with less than 10% fine- to coarse­
grained, crystalline calcite matrix material.
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Breccia Body Size (.ni) Shape
TABLE 1. BRECCIA BODY DESCRIPTIONS.
Wail Rock Contacts Clast- or
Matrlx-
SUDDorted
Matrix Material : 
Particle Shapeand Slxa_______
Fragment
Typo
Fragment Shape; 
Size
Muleshoe 180
(diam.)
circular limestone and 
siltstone
sharp variable 
(mostly 
clast- 
supproted)
oalcitic rock 
tlour to 
Irregular, 
angular
fragments, <lmm
limestone
cave-fill 
sediments
angular,tabular;
0.1-1000
angular, tabular; 
1 0 0  X 2 0 0
Horseshoe 120 X 2 5 irregular to 
ovoid
limestone and 
syenite
sharp(?) 
obscured
ciast-
supported
caicltic with 
minor syenite 
fragroents- 
irreguiar & 
angular, rock 
flour to <lnn
syenite
limestone
cave-fill 
sediments
angular to subrounded, 
equidimensional; 0.1-30
angular to subangular, 
tabular; 0 . 1 - 2 0 0
angular, tabular; 
upto 1 00 X 20 0
Kendall 100 X 60 irregular limestone and 
syenite
sharp variable 
(half clast- 
supported , 
half matrix- 
supported )
caioitic with 
minor syenitic 
fragments- 
Irreguiar & 
angular, rock 
flour to <lmm
syenite
limestone
cave-fill 
sediments
angular to subrounded, 
equldlmenslonal; 0 . 1 - 3 0
angular to subangular, 
tabular; 0 . 1 - 2 0 0
angular, tabular; 
upto 100 X 3 0 0
Cemetery
Hill
3 3 0  X 1 50 rectangular sandstone and 
rhyolite
sharp(7) matrix-
supported
sand-sized, 
subrounded 
quartz grains 
with minor clay 
in interstices
rhyolite
sandstone
organic
fragments
angular to subangular, 
tabular; 0 . 1 - 3
angular to subangular, 
tabular; 0 . 1 - 6
rounded, equldlmenslonal; 
1 - 4
Plian Creek 
(4 bodies)
3 00
syenite 7
obscured
matrix-
supported
syenitic rock 
flour to 
Irregular, 
angular
fragments, <lmm
syenite
limestone
(rare)
siltstone
(rare)
angular to subangular, 
equldlmenslonal; <0.1-5
angular to subangular, 
equldlmenslonal;< 0 . 1 - 5
angular to subrounded, 
equldlmenslonal; < 0 . 1 - 5
Little Dog 
Creek
100 X 15 elongate limestone and 
syenite
sharp matrix-
supported
syenitic with 
minor calcitlc 
Irreg. & ang. 
fragments <lmm 
to rock flour
syenite
limestone
angular to subrounded, 
equidimensional; 0 . 1 - 1 0
angular to subangular, 
tabular; 0 . 1 - 5
M a s o n  Creek 
(4 bodies)
10 X
to 2 0  
3 00
lOO elongate limestone sharp matrix-
supported
syenitic with 
minor calcitlc 
irreg. & ang. 
fragments <lR>n 
to rock flour
syenite
limestone
subangular to subrounded, 
equldlmenslonal; 0.1-20
angular to subangular, 
tabular; 0 . 1 - 3 0
TABLE 1. (Continued)
Breccia Body Alteration of Entire Comments
________________________ Breccia Body______________________________________________ ___________________________ _ ___________
Muleshoe argllllc and phylllc(?) mostly clast-dominant but with areas of matrix-dominant
late-stage calcite veins upto 0.5 cm thick 
contains abundant areas of economic gold grades
Horseshoe moderate argllllc and weak late-stage calcite veins
FeOx economic gold grades near present surface only
Kendall moderate to strong argllllc borderline between clast- and matrix-dominant
and weak to moderate FeOx closely spaced vertical fractures In syenite upto lO m
from breccia/syenite contact 
contains abundant areas of economic gold grades
Cemetery Hill moderate to strong argllllc rounded, soft, black (charcoal-like) organic fragments-
and weak FeOx origin unknown, transported to presents location with
sand (?)
Plum Creek weak arglllic(?) and moderate may be volcanic vent
to strong FeOx minimum of two episodes of brecciation/eruptIon
does not contain economic grades of gold
Little Dog strong argllllc and weak FeOx does not contain eoonomlp grades of gold
Creek
Mason Canyon weak argllllc and weak FeOx breccia body orientation about M45°E
syenite 30 to 60 ro away, no visible contact with syenite.
however, syenite fragments occur In breccia body 
breccia bodies may join at depth 
does not contain economic grades of gold
Figure 3. Sketch of the Muleshoe Pit. (Caption on foilowing page).
Lodgepole Pina (for scale)
CBl. CB2, II
CS3ME2Lodgepole Pine
tS2
MPI CS4CS3
STSl CS7CS6MP3
# SPl caZj
50 meters MP4
Proposed "feeder zone 
at depth
OZl 0
HW
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Figure 3. View of the Muleshoe pit and breccia body looking southwest, showing sample locations (black dots), Mission Canyon Formation (brickwork) dipping approximately 30“ west, Kibbey Formation (small dots, same dip), and the breccia body (unshaded) in the west highwall, the breccia body is divided into heterolithologic (H) and monolithologic (M) portions. The geochemically analyzed samples are labelled in boldface and underlined.The samples are:CB-complex, heterolithologic breccia SB/SP-breccia unclassified in the field CS-lithified, Mississippian cave-infill sediments I-breccia with possible intrusive fragments SS-clast-dominant breccia with sand-sized matrix material STS-clast-dominant breccia with silt-sized matrix material MD-matrix-dominant brecciaMP-breccia with possible multiple brecciation episodes SIL-silicified rock OZ-ore zone on pit floor K-Kibbey Formation
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The subeconomically mineralized Cemetery Hill breccia 
body is in the sandstone of the Cretaceous Kootenai Formation, 
east of the main mineralized zone. It is dominantly clast- 
supported and contains rhyolite and sandstone fragments. 
Approximately 10% of the rhyolite clasts are replaced by fine­
grained or radiating quartz. In one sample, the clasts are 
supported in a coarse-grained calcite matrix, and the rhyolite 
clasts are completely altered to sericite and pyrite.
The Plum Creek breccia body lies in the center of the 
intrusion and contains only low-grade gold mineralization. It 
is composed of syenite, with rare limestone and siltstone 
fragments, and is supported by milled syenite fragments.
Chapter V 
Sample Collection
Sixty-five 0.5 to 2 kilogram hand-samples from strongly 
mineralized and poorly mineralized breccia bodies, and 
relatively fresh to strongly altered intrusive rocks were 
collected in the summer of 1989. Thirty-seven samples are 
from the Muleshoe breccia body and most were collected from 
the well-exposed west high wall (Fig. 3). Gold grades seem to 
vary randomly throughout the breccia body (company report). 
The sample types from the Muleshoe breccia body include: 
lithified fragments of Mississippian-age cave-infill 
sediments, monolithologic clast- and matrix(?)-supported 
breccias, heterolithologic breccias (those containing 
fragments of more than one rock type), breccias with possible 
igneous fragments, breccias which could not be easily 
classified in the field, breccias with silicified fragments 
and samples of the surrounding Kibbey Formation 
si Its tone/sandstone. The samples, although not evenly spaced, 
provide a pétrographie and geochemical cross-section of the 
exposed breccia body. The mine also sent four samples from 
what they term the "feeder zone" from a newly excavated area 
in the southwest portion of the pit.
Within the Tertiary-age Kendall breccia body, eight 
evenly spaced samples were collected about 3 meters apart and 
five samples are from the surrounding rocks (Fig. 4). These
16
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Figure 4. View of the north wall of the Kendall Pit, and 
small small portion of west wall, showing geology, sample 
locations (black dots) and sample designation (l=Kendall 
breccia body sample 1, S-l= Syenite sample 1). KB= Kendall 
breccia body, Ts=Tertiary syenite.
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latter 5 samples include two samples of Kibbey Formation and 
three samples of a strongly argillized syenite dike.
In the Horseshoe breccia body, 13 samples, three to five 
meters apart, were collected across the base of the exposed 
breccia body (Fig. 5).
Four samples were collected from the Cemetery Hill 
breccia body (Fig. 6), and two samples from the Plum Creek 
breccia body. One sample was collected from both the Little 
Dog Creek and Mason Canyon breccia bodies (Figs. 7&8). These 
breccia bodies are within 150 meters of the Horseshoe and 
Kendall breccia bodies, respectively.
Other samples collected from the area include: 1)
strongly argillically altered rhyolite adjacent to the 
Cemetery Hill breccia body, 2) weakly propylitically altered 
syenite from near the Little Dog Creek breccia body and 3) 
weakly propylitically altered syenite from the edge of the 
intrusion near the head of Little Dog Creek valley.
10 meters
Ls>Sy / Lodgepole Pine 
(for scale)
N.
Sy>Ls Ls>Sy
H»
H99-7HS9-*
Pit Floor (rubble)
Figure 5. Vertical view of the Horseshoe Pit looking northwest. The pit is entirely 
within the breccia body. The variable dominance of limestone clasts versus syenite 
clasts in the breccia body is indicated. Sample locations are shown as black dots 
along with the sample designation (HSB-1).
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Figure 6. Geologic map and sample locations on the Cemetery Hill area 
(modified from Kurisoo, 1989).
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Figure 8. Geologic map of the Mason Canyon area containing the Kendall and Mason Canyon breccia bodies (modified from Kurisoo, 1989). Legend on following page.
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Chapter VI 
Sample Analysis 
All 72 samples were petrographically examined, and 3 3 
samples were studied by x-ray diffraction analysis in order to 
identify the less than one micron equivalent size diameter 
clay minerals. Appendix 1 describes analytical methods used 
for clay analysis.
X-Ray Assay Laboratories in Ontario, Canada performed 
whole-rock trace-element chemical analyses on 25 samples using 
mainly neutron activation. The elements analyzed for and 
analytical procedures used are indicated in Table 2. The 
results are in Appendix 2 together with sample descriptions.
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Table 2
Elements Analyzed for by X-ray Assay Labs
Element Method Detection Limit
Gold (Au) ppb NA
Boron (B) ppm DCP
Fluorine (F) ppm WET
Sodium (Na) ppm NA
Calciium (Ca) % NA
Scandium (Sc) ppm NA
Chromium (Cr) ppm NA
Iron (Fe) % NA
Cobalt (Co) ppm NA
Nickel (Ni) ppm NA
Zinc (Zn) ppm NA
Arsenic (As) ppm FAA
Arsenic (As) ppm NA
Selenium (Se) ppm GFAA
Selenium (Se) ppm NA
Bromine (Br) ppm NA
Rubidium (Rb) ppm NA
Strontium (Sr) ppm NA
Molybdenum (Mo) ppm NA
Silver (Ag) ppm NA
Antimony (Sb) ppm NA
Cesium (Cs) ppm NA
Barium (Ba) ppm NA
Lanthanum (La) ppm NA
Cerium (Ce) ppm NA
Neodymium (Nd) ppm NA
Samarium (Sm) ppm NA
Europium (Eu) ppm NA
Terbium (Tb) ppm NA
Ytterbium (Yb) ppm NA
Lutetium (Lu) ppm NA
Hafnium (Hf) ppm NA
Tantalum (Ta) ppm NA
Tungsten (W) ppm NA
Iridium (Ir) ppm NA
Mercury (Hg) ppm WET
Thallium (Tl) ppm DCP
Thorium (Th) ppm NA
Uranium (U) ppm NA
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0.9
0.2
3.8 
0.09 
0.46
none detected 
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14.8
14.3 
0.08
none detected 
0.28 
5.7
62.5 
0.5
none detected 
1.1 
0.4
88.5 
0.7 
2.6 
1
1
0.06 
0.05 
0.1 
0.02 
0.28 
none detected
1.3
none detected 
6.9 
5
0.5
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Methods:
NA-neutron activation DCP-emission spectrometry by DCP
WET-cold vapour spectrometry
FAA-NiS fire assay GFAA-PbS fire assay
Chapter VII 
Breccia Mineralogy
General pétrographie descriptions of the breccia bodies 
are found in Table 3. All of the breccia bodies are 
heterolithologie and clast-supported with only 10-15% sparry 
calcite in open-space fillings. Dissolution along the edges 
of the limestone fragments allows these fragments to fit 
together tightly, thus leaving little space for matrix 
material (Fig. 9).
Body
The Muleshoe breccia body, a circular breccia 
approximately 180 m in diameter, is lithologically zoned. The 
central 80-90% of the exposed portion is dominantly 
monolithologic (limestone clasts only) and clast-supported 
with less than 10% matrix material. The matrix material is 
mostly fine- to coarse-grained sparry calcite in open-space 
fillings. Fine-grained quartz and comminuted(?) limestone is 
also present, but very rare. About 20% of the fragments are 
microbreccias (Fig. 10), that is the fragments contain 
numerous microfractures and fissures often filled with fine­
grained sparry calcite.
The heterolithologic border is about 15 m wide and 40 m 
thick at the top of the exposed breccia body. It contains 
limestone, siltstone, igneous (volcanic?) (Fig. 11) and 
silicifled (chalcedonic) fragments. The limestone and 
siltstone fragments are ubiquitous, but the igneous fragments
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Table 3. Pétrographie Descriptions.
Material
Clay Carb.
Alteration 0aae<l 
on Clay# In Matrix
D eacrlptlon of F r a g m e n t a  (rocx type and 
alteration. If any) an d  Mat r i x
Muleahoe Pit; 
Kibbey aandaton#
Kibbey alltatone
Kaollnlxed Kibbey 
Fm. (brecclated)
Muleaboe Breccia
JtSâXr
ox, Ix. 11
ox,py
argllllc( 7} 
arglillc
medium-grained, well-r o u n d e d  guarta graine with Interetloea 
(Iliad by c alcite and m i n o r  clay, a few graloa of plag , K - e p a r , 
slrcon and blo t l t e  ar e  a l e o  p r e n a n t . weak Iron-etalnlng In clay
minor, madlua-gralned, rotaided quarts grain# variably In clay or 
e xtremely fine-grained c a l c i t e  w i t h  clay overgrowth#
Intenaely kaollnlsed angu l a r  fra^aenta of probable Kibbey 
alltatone In a siatrlx of kao l i n  and minor fine-grained, roLanded 
quarts graine, g r a n u l a r  pyrite (about 9*) occur# sioatlyy along 
the edg e #  of the fragmenta.
Cave-f111 
Sediment#
Cleat-dominant 
w/cryatalllne 
calcite matrix
X ox, pi, K, a r g l 1 110/
sr, bio propylltlc
ox, chi
well-bedded aedlmenta, m a y  be quarts o r  calcite dominant, calclt. 
la normally very fine-grained, quarts la uaually amdlimi-gralned. 
both ar e  angular, m i n o r  aaiounta of llsmnlte and leuooxene ar e  
preeent and the Intenalty of the Iron-atalnlng la variable.
llmeatone fragmenta -angular
matrlK--ooerae-gralned, cryata l l i n e  calcite
Claat-domlnant
w/calcltlc
mlorobreccla
matrix
phyllIc
lisxaatone fr a i n a n t e - -angular, alltatone ( ragmenta--aubanguiar 
m a t r i x — f I n a - g r a l n e d , o aloltlc mlcrob r e c c l a  w/ m i n o r  clay and 
rounded q u a r t s .
Matrix-dominant
cb-aerlea
phylllc
7
ILmaatone fragsmnte- - a u b a n g u i a r
s m t r l x--fine-grained calc i t e  w/ min o r  and rounded quarts
llmeatone fragsisnta— a n g u l a r  to aubanguiar 
alltatone f r e c e n t # — angu l a r
m a t r i x — o a loltlc m l c r o b r e c c l a  w/ m i n o r  rounded quarts
mp-ae r l e a f 1, 1X , ox llmeatone frag m e n t a — angular to aubanguiar
m a t r i x — ver y  fine-grained c a lcltlc m l c robreccla w/ rounded 
quarts.
1-aerlea X 11, nm, Ix, phylllc llmeatone f r a g m e n t a - -angular to aubanguiar 
alltatone f r a g m e n t a - -aubanguiar 
m a t r i x — cr y a t a l l i n e  calcite
ab-aerlea o x , Ix phylllc llmeatone fragm e n t # — angular to aubanguiar 
alltatone fra^i e n t a — aubanguiar
Igneoua fragmenta(poaalbly v o l c a n i c )--aubanguiar to aubrounded, 
a r g l l l lc/phylllc
Biatrix— madlua-gralned, cryatalline oalclte
Bracclaa with 
alllclfled 
fragmenta
alllcic(7) and alllclfled frag o m n t a — aubanguiar to aubrounded. ooaraer-gralned
argl111c grow t h  of quarts Into arcuate, elongate cryatala
m a t r i x — very fine-grained calcite with clay overg r o t h a
Horaeahoe Brace 14Body (fig -I2a]- mag, ox, K, a r g l 1 1 IcIx, chi llmeatone fragm e n t # — angular to aubanguiarayenlte ( r a g m e n ta--aubanguiar to aubrounded. a r g l l l lo/phyiilo 
s m t r l X — c alcltlc mlcrobreccla with clay o v e rgrowth# and minor  
rounded quarts grain#
ro
Table 3. (con't).
Pit;
Breccia Body (fig. 13a)
B y a n l ta
Klbbay aandatona
C amatarv Mill 
Breccia Bcxlg
k l t lX a -  P B lL -C rM ll Breccia BodY
Plf> Creek 
Breccia body
Matrix Malarial 
Q tx Clay Carb. Oliver
ox. otag. ap. 
K. Ix
K, ox, Ix
ox, nag
ox, K
alteration Baaed 
on Cla y a  In Matrix
a r g l 11Ic/pby111c
a r g 11 11c/ 
pbylllc(7)
a rgl 1 1 1 c  
a r g l 1 1 l c ( 7)
argl111c
arg1111c
Deacrlptlon of Fragmente (rock type and 
alteration. If any) and Matrix
llneetone fragment# -angular
ayenlte fragment#— a u b anguiar to aubrotoided, a r g 1111c / p b y 111c 
m a t r i x — mixture of oalcltlo and ayenltlc m l c r o b r e c c l a  wi t h  clay 
overgrowth#
etrongly argillically altered, angular ayenlte 
m a t r i x — clay-rich, ayenltlc mlorobreccla
rounded quarts grain# with Interal 
o x i d e .
aandatone fraynenta- 7 0*%, angular to aubanguiar 
r hyolite fragmenta— angular, argllllc 
black organic fragment#— rounded
matrlx- aand-almed quarts graine o— tented by clay and calcite.
llm eatone fragmenta--angular to aubanguiar 
ayenlte fragment#— angular to aubrounded, argllllc 
m a trlx--oaleitie mlorobreccla with clay overg r o w t h #  and min o r  
rounded quarts grain#
ayenlte fragment#— angular, argllllc
breccia fragment# (fragment# containing ayenlte fragment# In * 
a y enltlc mlcrobreccla)--angular
m a t r i x — atrongly Iron-atalned clay and K-apar gra i n #
cb-series— complex-heterolithologic breccias. 
mp-series— multiphase(?) breccias.
i-series— breccias possibly containing igneous fragments, 
sb-series— breccias not confidently catagorized in the field
mag— magnetite, ox— iron-oxidation, K— K-feldspar, 
chi— chlorite, Ix— leucoxene, ap— apatite, py— pyrite, 
f1— fluorite, il— ilmenite, mn— manganese-oxide, 
pi— plagioclase, zr— zircon, bio— biotite.
ro
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Figure 9. Sketch of photomicrograph showing dissolution along 
the edge of a crinoidal limestone fragment producing a tight 
fit with the chert fragment. Coarse-grained, sparry calcite 
fills small open space between fragments. Field of view is 
1 X 0.7 cm.
chert
fragment
crinoidal
fragment
coarse-grained 
sparry calcite 
( open-space 
X  filling)crinoids
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Figure 10. Sketch of photomicrograph showing raicrobrecciated 
micritic limestone. Microfractures filled with very fine­
grained, sparry calcite. Field of view is 1 x 0.7 cm.
micritic
limestone
microfractures
sparry
calcite
microf ractures
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Figure 11. Photomicrographs of igneous fragments from the heterolithologic portion of the Muleshoe breccia body. The igneous fragments contain feldspar phenocrysts in an extremely fine-grained (silica-replaced?) and iron-stained groundmass. Field of view in each photomicrograph is 1 x 0.7 cm.
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have been found only near the present surface. The silicif led 
fragments occur starting at 100 meters below the present 
surface in the west highwall. Silica replacement in the form 
of authigenic doubly terminated quartz crystals and quartz 
rosettes (Fig.12) were also observed in the heterolithologic 
zone. The origin of the quartz rosettes is not known, but one 
possibility is replacement of barite rosettes. The matrix 
material in the heterolithologic portion is similar to that in 
the monolithologic portion.
The samples, sent from the mine, of the "feeder zone" in 
the southwest portion of the exposed breccia body are composed 
almost entirely of very angular, intrusive rock fragments 
(Fig. 13). The groundmass of some of these fragments is 
replaced by very fine-grained quartz. Very fine-grained 
quartz and fluorite fill the open spaces between the 
fragments.
Gold occurs throughout the breccia body with no apparent 
preferred affinity to either lithologie zone. Phyllic 
alteration dominates the breccia body, although the limestone 
fragments appear to be unaffected. Weak to moderate argillie 
alteration surrounds the breccia body.
Horseshoe Brecc_i_a^_Body
The Horseshoe breccia body, an irregular shaped breccia 
approximately 120 m by 25 m, is clast-supported and 
heterolithologic, containing syenite and Mission Canyon 
Formation limestone clasts, many of which are microbreccias.
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Figure 12. Sketch of photoiaicrograph showing quartz rosette 
and euhedral, doubly terminated quartz crystals in medium- to 
coarse-grained sparry calcite. Field of view is 1 x 0.7 cm.
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Figure 13. Sketch of photomicrograph showing fluorite filling 
open-space between syenite fragments. F=fluorite, SY—syenite 
fragment. Field of view is 1 x 0.7 cm.
SYSY
SY
hole in 
thin section
SY
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The matrix material is dominantly fine- to coarse-grained, 
sparry calcite and minor fine- to medium-grained, semi­
annealed (ragged edged quartz boundaries with many crystals 
having 120® intersections) silica filling open-spaces. 
Comminuted syenite and limestone is also present.
Thin section inspection shows phyllic and argillic 
alteration of the breccia body. Feldspar and amphibole 
phenocrysts in the syenite fragments are sericitized whereas 
the groundmass of the igneous fragments has been converted to 
clay (kaolin ?). However, the limestone fragments are not 
visibly altered. Minor amounts of pyrite were observed with 
the sericite and were often partially oxidized. The fractured 
syenite fragment in figure 14 may have been brecciated during 
an earlier brecciation event and rebrecciation placed it in 
the calcite matrix. Alternatively, brecciation may have 
occurred just once.
Kendall Breccia Body
The Kendall breccia body, an irregular shaped breccia 
approximately 100 m by 60 m, is clast-supported, and contacts 
the Mission Canyon Formation and a north-south trending 
syenite dike. Breccia fragments include syenite and Mission 
Canyon Formation limestone, some of which are microbreccias. 
The matrix material is composed of fine- to coarse-grained, 
sparry calcite and minor fine-grained, semi-annealed silica 
filling open-spaces. Comminuted limestone and syenite is also 
present. The Kendall breccia body contains economic gold
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Figure 14. Photomicrograph of sample from the Horseshoe breccia body. Fractured syenite in a fine-grained, calcitic matrix; a coarse-grained calcite vein cuts the matrix along the left side of the photomicrograph. A small patch of recrystallized matrix occurs in the right-central portion of the photomicrograph (outlined in black). The fracturing of the syenite fragment may have been either previous to or contemporaneous with the brecciation that produced this matrix. Field of view is 1 x 0.7 cm.
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grades that persist to at least 100 meters below the present 
surface,
Phyllic alteration dominates the breccia body; sericite 
is in the feldspars and very fine-grained silica replacement 
of about 50%s of the syenite fragments. The limestone 
fragments appear to be unaffected. Pervasive, supergene iron- 
staining occurs within 100 meters of the surface and is more 
intense than in the Horseshoe breccia body.
Chapter VIII 
Clay Data
Clay analyses of breccia body samples were performed for 
1) mineral identification and significance, 2) clay-gold 
relationships, and 3) a better understanding of the 
mineralization process in the breccia bodies. Because x-ray 
diffraction study is not quantitative, only relative amounts 
of clay minerals in the breccia bodies can be determined. 
Relative amounts are determined by comparing peak heights or 
intensity of the 001 reflection of the clay minerals from one 
sample with the intensity of the same clay mineral peaks from 
other samples, provided the samples contain the same suite of 
clay minerals.
CX^y. Minerals
Hydrothermal alteration produced kaolin (metahalloysite 
and kaolinite) and illite (±sericite), the dominant clay 
minerals in most of the breccia bodies. Hydrothermally 
produced smectite is most plentiful in the Plum Creek breccia 
body. Their relative peak intensities are shown in Table 4. 
Less than one micron size quartz was also identified in most 
samples. Minor amounts of a heterogenous, mixed-layer clay 
mineral (illite-smectite?) are present in all breccia bodies. 
However, detailed X-ray analysis is necessary to determine the 
nature of the mixed-layer clay mineral.
X-ray diffraction patterns of randomly oriented clay 
minerals were used to determine illite and kaolin polytypes.
38
39
Table 4
Relative X-ray diffraction peak intensities 
for illite, kaolinite and smectite in the breccia bodies. 
Ill=illite; Kaol=kaolinite; Smec=smectite
Muleshoe
Breccia
Body
high
very low 
111 Kaol Smec
Horseshoe
Breccia
Body
mod mod
very low 
111 Kaol Smec
Kendall
Breccia
Body
high
low
very low
111 Kaol Smec
Cemetery
Hill
Breccia
Body
Plum
Creek
Breccia
Body
Mason
Canyon
Breccia
Body
mod
very low 
111 Kaol Smec
mod mod mod
low
gh
111 Kaol Smec
very low 
111 Kaol Smec
Little 
Dog Creek 
Breccia 
Body
low
very low
mod
111 Kaol Smec
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Illite poly types are dominantly disordered 2M with minor IM in 
all of the breccia bodies. In the Kendall, Little Dog Creek 
and Plum Creek breccia bodies, metahalloysite is the dominant 
kaolin poly type; the Horseshoe and Mason Canyon breccia bodies 
contain only kaolinite. There is insufficient kaolin in the 
Muleshoe breccia body samples for this analysis.
Clay Minerals-Gold Association
Samples from all breccia bodies exhibit a positive 
correlation between illite and gold. The Muleshoe and Kendall 
breccia bodies contain relatively high proportions of illite 
and the highest gold grades. The Horseshoe breccia body 
contains marginally economic grades of gold in most of the 
sample locations, and only a moderate amount of illite. 
Conversely, the Cemetery Hill, Mason Canyon, Little Dog Creek, 
and Plum Creek breccia bodies contain lesser proportions of 
illite and lower gold grades.
Clav Zonation_of_ the Kendall Breccia Body
À clay mineral-gold zonation exists in the Kendall 
breccia body (Fig. 15). The central portion contains the 
greatest proportion of illite and highest gold grade; no 
illite and little gold occur in the surrounding syenite where 
metahalloysite is concentrated. The relative abundance of 
metahalloysite decreases toward the center of the breccia
41
body. Similarly, the Muleshoe breccia body contains illite 
but almost no kaolin group minerals. However, the Kibbey 
Formation around the Muleshoe breccia body is strongly 
argillized.
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Figure 15, Clay zonation in the Kendall breccia body. I=illite 001 peak, M==metahalloysite 001 peak, Ia*=illite 002 peak, metahalloysite 002 peak, Q*quartz.
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Chapter IX 
Geochemical Data
Geochemical signatures for the breccia bodies are the 
mean quantity of each element in each breccia body (Table 5). 
Nine samples were analyzed from the Muleshoe breccia body, 
five samples from the Kendall breccia body, and four samples 
from the Horseshoe breccia body. The data from the Little Dog 
Creek, Mason Canyon, and Cemetery Hill breccia bodies were 
combined because only one sample from each was analyzed and 
little geochemical variation exists between the samples. The 
chondrite normalized geochemical signatures (Fig. 16) display 
the similarity of elemental compositions of the breccia 
bodies. The similar geochemical signatures probably reflect 
the influx of geochemically similar hydrothermal fluids, but 
not the lithologie compositions of the breccia bodies. The 
ratio of limestone to syenite (the dominant lithologies in 
most of the breccia bodies) varies greatly, from approximately 
99:1 in the Muleshoe breccia body to about 40:60 in the 
Kendall breccia body. Figure 17 shows that the most strongly 
mineralized breccia bodies (Muleshoe, Horseshoe and Kendall) 
are enriched in gold, fluorine, arsenic, antimony, mercury, 
and thallium compared to the other breccia bodies.
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Table 5Means and standard deviations of geochemically analyzed breccia body samples. MSB=Muleshoe breccia body, H$B= Horseshoe breccia body, KB=Kendall breccia body, Others= Mason Canyon, Little Dog Creek and Cemetery Hill breccia bodies, S.D.= standard deviation, ND=none detected. Samples below detection limit were excluded from the calculations of mean and standard deviation.
MSB MSB KB Others
Element Mean S.D. Mean S.D. Mean S.D. Mean S.D.
Au (ppb) 1022 1277 363 247 4725 1419 41.3 29.0
B (ppm) 27 7.6 21 8.9 27.2 2.95 26.6 5.8
F (ppm) 8157 3414 20075 32108 10625 10401 753 249
Ca (wt%) 22.6 5.3 21.5 5.3 12 7.9 19.5 1.1
Sc (ppm) 1.9 0.97 2.4 1.3 2.3 0.6 2.7 0.7
Cr (ppm) 66.6 40.9 41.5 16.4 60 15 147 151
Fe (wt%) 0.87 0.34 0.51 0.25 3.54 1.33 1.03 0.28
Co (ppm) 2.1 0.44 2 0.5 4.5 1.1 3.3 1.25
Zn (ppm) 264 151 232 114 780 434 300 230
As (ppm) 397 205 260 150 1784 650 50 49.7
Se (ppm) 0.7 0.57 1.6 1.4 0.8 0.19 2 1.1
Br (ppm) 2 0.5 2 0 3 0 2 0.8
Rb (ppm) 22.5 4.2 55 15 30 0 53 20.6
Mo (ppm) 7.3 0,4 ND 0 6.3 0.5 10 7.1
Sb (ppm) 28 21.3 14.2 10.9 93.5 27.7 4.5 5.3
Cs (ppm) 1.7 0.7 2 1.2 3.25 0.72 3.3 0.42
Ba (ppm) 529 296 200 141 725 396 367 125
La (ppm) 6 2.3 36.2 45.4 9.65 0.99 15.4 0.45
Ce (ppm) 10 4.5 14.7 5.1 18 1.7 28.7 0.47
Nd (ppm) 6.3 1.24 8.3 2.05 7 1 12.3 0.47
Table 5. (Con't)
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m MSB KB Others
Elements Mean S.D. Mean S.D. Mean S. D. Mean S.D.
Sm (ppm) 0.8 0.3 1.3 0.53 1.2 0.4 2.3 0.22
Eu (ppm) 0.3 0.6 0.4 0.16 0.5 0.1 0.6 0.22
Yb (ppm) 0.5 0.19 0.75 0.32 0.9 0.16 1 0
Lu (ppm) 0.08 0.025 0.11 0.04 0.13 0.02 0.16 0.02
Hf (ppm) 0.96 0.35 1.7 0.5 3.1 0.86 2 0.13
W (ppm) 6.8 1.7 14.7 9.50 19.5 19.4 5.3 3.9
Hg (ppm) 222 186 174 159 772.5 252.5 18 12.1
T1 (ppm) 54.5 69.5 34.5 49.4 246 231 23 0
Th (ppm) 1.3 0.64 1.95 1.38 5.8 3.7 3.4 0.86
U (ppm) 2.5 0.3 3.4 1.36 3.7 1.3 2.8 1.1
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Figure 16. Plot showing the similarity of geochemical signatures between the breccia 
bodies. Plots show the average relative abundance of each element in each breccia body. 
Little Dog Creek, Mason Canyon and Cemetery Hill breccia bodies are combined because 
only one sample from each of these breccia bodies was geochemically analyzed. The 
number of samples analyzed from the other breccia bodies is shown in (9). Fe and Ca are 
in wt%. Elements are normalized to chondrites. Chondrite data from Vinogradov, 1962, 
in Rosier, 1972,
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Figure 17. Bar graph showing the enrichment of fluorine, arsenic, antimony, mercury, 
thallium and gold in the Muleshoe, Horseshoe, and Kendall breccia bodies as compared to 
the Cemetery Hill, Mason Canyon and Little Dog Creek breccia bodies.
Chapter X 
Discussion
The data presented above are valuable in determining: 1) 
the genesis of the breccia bodies, 2) possible sources of the 
hydrothermal fluids and the gold, 3) how gold was transported 
and deposited, and 4) a comparison with other alkaline 
intrusion related deposits.
Genesis of the North Moccasin Mountains Breccia. Bodies
Breccias are a relatively common, near-surface-forming 
phenomenon that can develop in a variety of ways. Mechanisms 
include: solution collapse, phreato-magmatic explosions,
tectonic movement and fluidization (Wolfe, 1980). Breccia 
bodies may occur singly or in groups, and contain various rock 
and hypogene mineral assemblages. Examples include solution- 
collapse sinkholes hosting lead-zinc Mississippi Valley-type 
deposits (Long, et al., 1986), magmatic-hydrotherma1 breccias 
hosting copper and/or molybdenum associated with porphyry 
copper-molybdenum deposits (Sillitoe, 1985) and gold and 
silver such as the Golden Sunlight Mine in Montana (Sillitoe, 
1985; Porter and Ripley, 1985), and phreato-magmatic breccias 
hosting gold and silver in Wairakei, New Zealand (Hedenquist 
and Henley, 1985; Hedenquist, 1991).
The mechanism(s) responsible for the distribution and 
origin(s) of the North Moccasin Mountains breccia bodies is 
problematic. A Paleocene-age (or younger), is supported by 
the occurrence of Paleocene-age igneous rock fragments.
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Solution-collapse during karst formation, faulting, and/or 
roagmatic-hydrothermal brecciation, are possible processes 
considered here for the formation of most of the North 
Moccasin Mountains breccia bodies.
The Plum Creek breccia body, hosted in the laccolith, has 
characteristics of the phreato-magmatic model (Sillitoe, 1985) 
(Table 6) in that it 1) contains angular to subangular 
fragments in an igneous rock-flour matrix, 2) covers 
relatively large areas and 3) is believed to extend to greater 
than one km in depth (Lindsey, 1982). Kurisoo (pers. comm., 
1989) stated that due to its location at the center of the 
intrusive body, the Plum Creek breccia body may be a fall-back 
breccia in a volcanic vent. The other breccia bodies occur in 
an arcuate pattern along the southeastern flank of the North 
Moccasin Mountains, indicative of structural control.
Karst Sinkhole Hypothesis
Kurisoo (1989; 1991) proposed that the Muleshoe breccia 
body formed by solution-collapse during karst formation, 
temporally associated with the Early Jurassic unconformity 
(Fig. 18). Observed characteristics supporting the sinkhole 
hypothesis include: steep sides, oval to circular plan view 
shape and association with a regional unconformity (Table 7). 
However, my discovery of Paleocene igneous rock fragments in 
the breccia body (Fig- 9) indicates that brecciation occurred 
after formation of the Paleocene igneous rocks. The igneous 
fragments are similar microscopically, containing abundant,
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Table 6Comparison of the North Moccasin Mountains breccia bodies with the typical characteristics of the phreato-magmatic model, based on Sillitoe (1985). MSB=Muleshoe breccia body; KB=Kendall breccia body; HSB=Horseshoe breccia body; LOC=Little Dog Creek breccia body; CMH«Cemetery Hill breccia body; MC-Mason Canyon breccia body; PCB=Plum Creek breccia body.
Characteristic MSB KB MSB LDC CMH MC PCB
Diatreme-like 7 7 ? 7 7 ? YES
50-90% fine-grained matrix NO NO NO NO NO NO YES
Heterolithologic YES YES YES YES YES YES YES
Angular to rounded fragments YES YES YES YES YES YES YES
>lkm surface area NO NO NO NO NO NO YES
Extends >lkm below paleosurface NO NO NO NO NO NO YES
Funnel-shaped NO NO NO NO NO NO YES
Abrupt contacts with wallrock YES YES YES YES YES YES YES
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Figure 18. Karst sinkhole hypothesis as proposed by Kurisoo (1993)
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Table 7
Common Karst Sinkhole Characteristics and Formation 
of the Muleshoe Breccia Body
Sinkhole Characteristics Observed 
Muleshoe 
Breccia i
in Reference 
Body
Oval to circular (plan view) 
Rarely occur sinaly
Yes
No
Sweeting (1973); 
Milanovic f19811
Diameter:depth ratio >3:1 
Steep sided
Base filled with collapsed 
^limestone blocks
No
Yes
No
Sweeting (1973)
Bottoms covered with thick 
layer of terra rosa No
Milanovic (1981)
Buried karst associated with 
regional unconformity 
Soils and other sediments
carried into caverns
Yes
No
Moore (1989)
Gradation from fine fragments 
at base to larger, 
less distorted blocks 
near the top
Rhodes et al.
No
(1984)
Breccia contacts with wallrocks 
are gradational on the 
sides and sharp at the 
base No
Olson (1984)
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randomly oriented 0.5 mm long feldspar laths in an extremely 
fine-grained, weakly iron-stained groundmass. The igneous 
fragments are believed to have originated from at least two 
dikes. The fragments from the "feeder zone" (Fig. 3) are very 
angular, and this, coupled with the lack of limestone or 
siltstone fragments, suggests very little displacement of the 
igneous fragments. Fluidization could have transported the 
igneous fragments observed in the upper portion of the exposed 
breccia body. However, the rounding commonly observed in 
fluidized breccias is absent, and the occurrence of igneous 
fragments in only two stratigraphie locations argues against 
fluidization. Therefore, I believe the different sets of 
igneous fragments originated from different dikes.
It is possible that a sinkhole formed in Jurassic time 
with a post-igneous brecciation event(s) masking its 
characteristics. However, the Mississippian Kibbey siltstone 
fragments are roughly stratified across the breccia body. 
This characteristic suggests that a single brecciation event 
occurred and the Paleocene-age igneous rock fragments preclude 
Jurassic-age sinkhole formation.
Other data not supporting Muleshoe breccia body formation 
in the Jurassic-period include : 1) the lack of other known 
karst features, elsewhere in the area associated with the 
Jurassic unconformity, 2) the uniqueness of a single Jurassic 
sinkhole, 3) the fortuitous location of a Tertiary breccia
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body on a sinkhole, and 4) its location in the mineralized 
zone of the CR Kendall mine on a probable ring fracture. 
Faulting/Tectonic Brecciation Hypothesis
Lindsey (1982) and Lindsey and Naeser (1985) suggested 
that the intrusion of the North Moccasin Mountains Laccolith 
produced a ring fracture or zone of fractures. It is 
delineated by the arcuate distribution of breccia bodies in 
the sedimentary rocks (Fig. 2). Theoretical modelling (Koide 
and Bhattacharji, 1975) predicts the formation of concentric 
fractures around the margins of intrusions similar to the 
North Moccasin Mountains (Fig. 19), as well as regularly 
spaced, radial fractures intersecting the ring fracture. The 
hypothesized radial fractures may be represented by nearly 
straight valleys, accentuated by erosion (Fig. 2). Koide and 
Bhattacharji (1975) (Fig. 20) also postulate the formation of 
fractures and breccia pipes that resemble those found in the 
North Moccasin Mountains. Both the concentric distribution of 
breccia bodies and the theoretical model support fault- 
brecciation.
By modifying the hypothetical ring fracture to a common 
multiplane (Mitcham, 1974) or undulating fracture, the model 
also predicts the development of discrete breccia bodies, 
rather than a continuous brecciated zone. Any movement of the 
ring fracture produces a fissure which may induce cave-ins or 
rock bursts due to pressure release. Continued fault 
movement, possibly due to magma surges in the laccolith.
Kk
€ 0.PCB6
JKu
t I
o.{
Figure 19. Cross section of the North Moccasin Mountains (modified from Lindsay, 1982), 
Legend is the same as in figure 2. Dotted lines show the locations of ring fractures 
as proposed by Koide and Bhattacharji (1975).
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Figure o. Sketch of lateral zonal distribution of fractures around a vertically 
elongate magma reservoir, showing distribution of breccia bodies 
as seen in the North Moccasin Mountains (modified from Koide 
and Bhattacharji. 1975).
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causes rounding and increased comminution of the breccia 
fragments. The angular fragments and lack of rock flour 
(fault gouge) suggest that very little, if any, tectonic 
brecciation occurred in the North Moccasin Mountains breccia 
bodies.
Magmatic-Hydrothermal Brecciation Hypothesis
The final hypothesis for breccia body formation entails 
release of magmatic-hydrothermal fluids, as described by 
Sillitoe (1985). Formation of magmatic-hydrothermal breccia 
bodies (Sillitoe, 1985) typically results from collapse of 
overlying rock into a cavity. This cavity can form in a 
number of ways: rock dissolution by hydrothermal fluids
(Sillitoe and Sawkins, 1971); shrinkage of the magma body due 
to crystallization (Hulin, 1948), or the release of a vapor 
"bubble", formed by exsolved fluids from the magma, trapped 
near the apex, or other "topographic high", in the roof of the 
magma chamber (Norton and Cathles, 1973) (Fig. 21). However, 
pegmatitic fluids would be expected with the exsolution of 
vapors from the magma, but no pegmatites were observed. It 
may be that 1) pegmatites are absent from the small area of 
the laccolith studied, 2) the exsolved vapors were CO^-rich, 
or 3) this process may not have occurred.
Characteristics of magmatic-hydrothermal breccias include 
circular to ovoid shaped, occurring individually or in closely 
spaced clusters, 50 - 300 m in diameter, angular to subround 
fragments, 5 - 3 0 %  silt- to sand-sized matrix, very little
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V a p o r  b u b b l e S t o c k  r i n d
M A G M A Vapor
M A G M A
H o s t  r o c k s
S t o c k
v a p o r
v o l u m eS t o c k
M A G M A B r e c c i api p e
F i g u r e  21 . ( a )  Magmatlc water ex solves from rising pluton as a result of decreasing solubility in melt, but is trapped beneath 
cool outer rind of pluton. (b ) The bubble eventually becomes large enough and the rind brittle enough for bubble to break 
through, (c )  The resulting drop in hydrostatic pressure signals collapse of the cavity by sheet fracturing and blocky stope 
caving, (d ) The pipe continues to grow until void is filled and thus supported by breccia. The pipe may grow upward above 
the original pluton margins depending on caving properties of stock versus host rocks.
(from Norton and Cathles, 1973)
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vertical displacement and close spatial relationship with an 
igneous intrusion as characteristics. Most of the North 
Moccasin Mountains breccia bodies resemble the magmatic- 
hydrothermal breccia model described by Sillitoe (1985) (Table 
8).
Evidence supports hydrofracture brecciation at the 
Kendall deposit. Tailings from an adit below the Horseshoe 
breccia body contain limestone blocks cut by numerous 
intersecting white calcite veins (upto 3 cm wide) that produce 
a jigsaw-puzzle texture. Highly fractured limestone 
fragments, with the fractures filled by white calcite, also 
occur in the Muleshoe breccia body. Similarly, the Kendall 
breccia body contains highly fractured syenite fragments with 
fine-grained, silica-filled fractures. If these are 
hydrofracture breccias, they support a hydrothermal origin for 
the breccia bodies (Hedenquist and Henley, 1985).
The bulk of the breccia characteristics support North 
Moccasin Mountains breccia formation by magmatic-hydrothermal 
process (Fig. 22). However, the location of the breccias is 
best explained by a ring fracture. Seismic data, deep 
drilling and/or deeper mining are needed to definitely prove 
the ring fracture hypothesis.
Sourcefs^ of Hydrothermal Fluids and Gold
The source of the hydrothermal fluid(s), with or without 
metals, may have been; 1) magmatic; the fluids were 
responsible for the brecciation and the source of the precious
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Table 8Comparison of the North Moccasin Mountains breccia bodies with the typical characteristics of the magmatic-hydrothermal breccia body model based on Sillitoe (1985). MSB*Muleshoe breccia body; KB*Kendall breccia body; HSB=Horseshoe breccia body; LDC=Little Dog Creek breccia body; CMH=Cemetery Hill breccia body; MC*Mason Canyon breccia body; PCB=Plum Creek breccia body.
Characteristics MSB KB MSB LDC CMH MC PCB
Circular to ovoid in plan YES NO NO NO YES NO NO
Individual or closely spaced cluster of pipes YES YES YES YES YES YES YES
Sharp contact with wall rocks YES YES YES YES YES YES YES
50-300 meters in diameter YES YES YES YES YES YES NO
Vertical dimensions: unknown
? ? ? ? 7 7 ?
Capped by dome-shaped roof ? ? ? ? 7 7 7
Angular to subround fragments YES YES YES YES YES YES YES
Monolithologic* NO NO NO NO NO NO NO
5-30% silt- to sand-sized matrix YES YES YES YES YES YES NO
Breccias spatially associated with intrusion YES YES YES YES YES YES YES
20-30 meters maximum fragment displacement YES YES YES YES YES YES NO
Sericitic alteration YES YES YES YES YES YES NO
Premineralizationbrecciation
? ? ? 7 7 7 7
* With the exception of the Plum Creek breccia body, all of the breccia bodies are in contact with at least two differing lithologies, and therefore the breccia bodies are expected to contain fragments of each lithology.
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Figure 22. Cross section showing the proposed origin of the North Moccasin Mountains breccia bodies. Stages 1-3 (p.61-63); Legend (p.64).
Stage 1. Intrusion of laccolith (and apophyses) producing a ring fracture.
Ring,
Fracture
Paleosurface
JKu
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CD U
Ts
Figure 22. (continued)
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Stage 2. Formation of a cavity by one of the following: hydrothermaldissolution along the ring fracture, release of vapor from a vapor bubble formed by fluids exsolved from the magma, or shrinkage of the magma body due to crystallization.
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Paleosurtac
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Figure 22. (continued)
Stage 3. Collapse of overlying material into the cavity (in this case formed by dissolution of the limestone by hydrothermal fluids) forming the breccia bodies. Breccia body extends into the upper portion of the intrusion if cavity formed by vapor bubble or shrinkage of magma body.
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Figure 22. (continued)
LEGEND
t t
Tb Tertiary Breccia Body
- Ts Tertiary Syenite
- JKu Jurassic and Cretaceous Sedimentary Rocks, undifferentiated
- Mu Mississippian Sedimentary Rocks, undifferentiated
CDu Cambrian and Devonian Sedimentary Rocks, undifferentiated
- Vapor Bubble
- Dissolution of Sedimentary Rocks by Hydrothermal Fluids
- Top of Laccolith after Shrinkage due to Crystallization 
I - Ring Fracture
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metals, 2) meteoric; the fluids were convectively circulated 
as a result of heat from the magma body with precious metals 
derived from surrounding rocks, or 3) a combination of 
magmatic and meteoric fluid, with the precious metals derived 
from the magma, the sedimentary rocks, or both. Meteoric 
fluids with metals derived from the surrounding rocks were 
proposed at the geologically similar Zortman-Landusky deposits 
in the Little Rocky Mountains, Montana by Wilson and Kyser
(1988). However, Hastings (1988) argued that the fluids and 
metals were magmatically derived. The strong correlation of 
gold with fluorine, arsenic, antimony, mercury, and thallium 
(Fig. 17) supports an igneous-related origin for the Kendall 
Deposit (Bonham, 1989; Silberman and Berger, 1985; White and 
Hedenquist, 1990; and Mutschler, et al., 1991). Oxygen, 
sulfur, and deuterium/hydrogen isotope data, not available in 
this study, would help resolve the origin of the hydrothermal 
fluids.
The alteration and mineralization in the North Moccasin 
Mountains is similar to igneous-related, epithermal, low- 
sulfide, precious-metal systems described by Sillitoe and 
Bonham (1984), Berger (1987), Cox and Bagby (1987), and Bonham
(1989). Smectite and albite are the only minerals commonly 
found in the other deposits that are absent from the North 
Moccasin Mountains breccia bodies.
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Gold Transport and Deposition
Gold was most likely transported as a bisulfide complex, 
based on the presence of illite and kaolinite, and supported 
by the presence of pyrite, galena, sphalerite and possibly 
arsenopyrite (Fig. 23). The presence of illite indicates the 
solution was weakly alkaline (Romberger, 1988). Temperatures 
for most hydrothermal fluids in epithermal deposits range from 
150 to 300 °C. The presence of disordered 2M illite narrows 
this temperature range slightly to between 175 and 280*̂ 0 
(Srohdoh and Eberl, 1984). Based on the strong similarity of 
the Kendall deposits with the Zortman-Landusky deposits 
discussed below, I propose a hydrothermal fluid temperature of 
250 X.
Gold deposition may have resulted from the mixing of 
magmatically-derived hydrothermal fluids with meteoric water. 
This is supported by the clay zonation exhibited in the 
Kendall breccia body. Magmatically-derived fluids tend to 
have an intermediate to high K̂ /H"̂  ratio. When a fluid with 
an intermediate KVH" ratio interacts with feldspars, it 
produces sericite (Hemley and Jones, 1964) (Fig. 24), and gold 
is associated with sericite. Meteoric water typically has a 
low K^/H^ ratio, which produces kaolinite below 375 at the 
expense of feldspars (Fig. 24). Pyritic mineralization and 
sericitic alteration observed in the syenite laccolith near 
Little Dog Creek is permissive evidence supporting magmatic 
derivation of the mineralizing fluids. The mixing of the
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^Pyrite '%,
Pyrrhotite
Hematite
Magnetite 
1000 ppm ÀU
Figure 23. Calculated oxygen activity-pH at 250 showing
gold solubilités (long dashed lines), stabilityy fields of 
various iron minerals (solid lines), stability fields of 
aluminosilicate alteration minerals (short dashed lines), 
(from Romberger, 1988) and probable path of gold deposition in 
the North Moccasin Mountains breccia bodies (arrow).
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Figure 24. Production of aluminosilicate alteration minerals based on 
potassium iorVhydrogen ion ratio (from Hemiey and Jones. 1964). 
intermediate K/H ratios convert feldspar to micas (muscovite, sericite. 
and illite), low K/H ratios convert feldspars and micas to kaolinite.
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Figure 25. Cross sections showing my proposed gold depositional model for 
the North Moccasin Mountains breccia bodies. Zone of mixing of 
hydrothermal and meteoric fluids causing both increased oxygenation of the 
hydrothermal solution and a decrease of HS- both of which lead to gold 
deposition. Cross-section modified from Kurisoo, 1993; Fluid flow paths 
from McMillan and Panteleyev, 1988. Legend on following page.
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Figure 25. (continued)
LEGEND
- Tb Tertiary Breccia Body
- Ts Tertiary Syenite
- JKu Jurassic and Cretaceous Sedimentary Rocks, undifferentiated
- Mk Mississippian Kibbey Formation Sandstone
- Ml Mississippian Mission Canyon Formation Limestone
j  - Magmatic Fluids
- Meteoric Fluids 
I - Ring Fracture
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hydrothermal and meteoric fluids increases the fOa, while at 
the same time diluting the HS' concentration (Fig 25). This 
was also postulated as the precipitation mechanism at the 
Zortman-Landusky deposits (Russell, 1991).
à— Comparison of the Kendall Deposit with other Alkaline 
Intrusion-Related Epithermal Deposits
The Kendall deposit has many characteristics in common 
with other alkaline intrusion-related epithermal deposits. 
For example, the Cripple Creek district of Colorado is an 
alkaline intrusion-related precious metal district (Mutschler, 
et al., 1990 and Thompson, et al., 1985). Native gold and 
gold-tellurides typically occur in structurally controlled 
veins and less commonly in hydrothermal breccia pipes. Illite 
is a major component of the alteration assemblage. However, 
chlorite and montmorilIonite are also prominent at Cripple 
Creek. Pyrite, the dominant sulfide, is often spatially 
associated With gold. Fluorine, arsenic, antimony, mercury, 
and thallium are all anomalously high, and gold was apparently 
transported as a bisulfide complex in hydrothermal fluids at 
or below 210 ®C (Thompson, et al., 1985).
The Zortman-Landusky deposits, located in the alkaline 
and calc-alkaline intrusive center of the Little Rocky 
Mountains, are about 100 km northeast of the North Moccasin 
Mountains. The deposits contain low-grade, epithermal gold- 
silver (6:1) reserves in a geologic setting nearly identical 
to that of the Kendall deposit (Au:Ag - 9:1) (Lindsay, 1985).
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The ore bodies are structurally controlled, with gold 
occurring in narrow veins, low-grade stockworks, intensely 
"sheeted” fracture zones and breccia bodies (Hastings, 1988; 
Wilson and Kyser, 1988).
The Zortman-Landusky deposits contain abundant pyrite, 
and gold is commonly associated with pyrite. Gold, commonly 
associated with limonitically stained zones at Kendall, 
typically occurs as native gold. Lindsey (1985) claims the 
limonitically stained zones were originally pyritic. In the 
present study, I found disseminated pyrite in five samples: 
the strongly argillized Kibbey Formation outside the ore zone 
in the Muleshoe pit; a weakly sericitically altered syenite; 
and one from each of the Mason Canyon, Cemetery Hill and 
Muleshoe breccia bodies. Pyrite, together with traces of 
galena and sphalerite, has also been found below the 200 m of 
oxidation at the Kendall deposit (Kurisoo, 1993).
Hypogene alteration minerals at the Zortman-Landusky 
deposits include pyrite, illite, and kaolinite as well as 
minor amounts of potassium-feldspar, sericite, and quartz. 
Argillic alteration is also widespread at the Zortman-Landusky 
deposits as it is at the Kendall deposit, (strong around the 
Kendall and Muleshoe breccia bodies; prevalent in the 
Horseshoe breccia body).
The Queen Rose breccia body at Zortman-Landusky is also 
similar to the Kendall breccia body in that it is a Tertiary 
intrusion-related breccia, has similar hypogene alteration.
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mineralization, and breccia textures. These similarities 
support formation by a similar process.
At Zortman-Landusky, gold was deposited by late-stage 
hydrothermal fluids (Russell, 1991), and was also believed to 
have been transported in a bisulfide complex. Gold deposition 
probably resulted from the mixing of magmatic hydrothermal 
fluids with meteoric water, resulting in the loss of HS" due 
to an increase in fo^ and/or dilution (Russell, 1991).
Chapter XI 
Conclusion
The North Moccasin Mountains breccia bodies were probably 
formed in Tertiary time when a syenite intrusion domed the 
overlying sedimentary rocks. The intrusive dome also produced 
ring and radial fractures. Formation of a Jurassic sinkhole 
(Muleshoe breccia body) is discounted because of the lack of 
characteristics common to most sinkholes and the low 
probability that the only observed central Montana Jurassic 
karst is located in the North Moccasin Mountains.
The breccia bodies probably formed by collapse into a 
Paleocene-age cavity, formed by magmatic-hydro thermal 
solutional processes. Fault brecciation may have been a minor 
component of breccia formation, but the angular clasts and 
lack of rock flour (fault gouge) argues against it. Fragments 
of Tertiary igneous rocks in the breccia bodies provide 
conclusive evidence of a Tertiary-age or younger, brecciation 
event.
The Kendall deposit is an igneous-related, epithermal, 
low-sulfide precious metal system based on 1) the positive 
correlation of gold with fluorine, arsenic, antimony, mercury, 
and thallium; 2) the occurrence of native gold, gold- 
tel lur ides and minor auriferous pyrite; 3) the lack of 
abundant sulfides; and 4) the hypogene illite-kaolinite 
alteration.
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The mineralizing hydrothermal fluids were probably 
channelled through the fractures. Based on the alteration 
assemblage, sparsity of sulfides, and similarity of 
characteristics of the Kendall deposit and the Zortman- 
Landusky deposits, gold was probably transported as a 
bisulfide complex and precipitated due to an increase in fO^ 
and/or decrease in HS" activity resulting from meteoric water 
mixing. The increased fracturing at the intersections of the 
radial fractures with the ring fracture may have facilitated 
greater fluid flow at these locations, resulting in the 
formation of the richest ore bodies.
Chapter XII 
Suggestions for Further Study
Geochemical analysis of rocks and soils along the ring 
fracture for elevated values of fluorine, arsenic, antimony, 
mercury, and/or thallium may lead to the discovery of other 
ore bodies. Breccia bodies in the Judith Mountains, about ten 
km to the east, have been mapped, but not yet in detail. 
Also, deep drilling along the structures in the North Moccasin 
Mountains may find mineralized stockworks, fractures, and 
veins, similar to those at Zortman-Landusky.
Fluid inclusion studies should be done at the Kendall 
Mine in an attempt to determine 1) the number of hydrothermal 
events, 2) the composition and salinity of the fluids, and 3) 
the temperature of the fluids. This should help to determine 
the style of transport and deposition of the precious metals. 
Sulfur, oxygen, and deuterium/hydrogen isotope studies should 
also be completed to try to determine the source ( s ) of the 
mineralizing fluids.
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APPENDIX 1
Clav Analvses-Analytical Methods
Clay analysis consists of crushing the sample in an iron 
mortar and separating the less than one micrometer size 
fraction, equivalent spherical diameter, by centrifugation. 
Oriented samples were mounted on glass slides using the 
filter-peel transfer method (Drever, 1973). The samples were 
Sr saturated, which replaces interlayer cations with a cation 
of known diameter. The samples were also saturated in 
ethylene-glycol vapor for at least 24 hours. This fixes the 
peaks of expandable clays at a known d spacing. The oriented 
samples were scanned by an X-ray diffractometer using CuK- 
alpha radiation (Kv 30, Ma 30) from 2 to 32 degrees 2-theta. 
Samples with 7 angstrom peaks were heated to 550 degrees C for 
1 hour and reanalyzed. The heating destroys kaolin. Samples 
which no longer have a 7 angstrom peak, were prepared as 
random mounts from the unanalyzed portion of the sample. The 
random mounts were prepared by thinly coating a glass slide 
with vaseline and scattering the powdered sample on the slide. 
In a few cases, there was sufficient sample to prepare a back 
loaded random mount. These provided 060 and hkl reflections 
which were used for further identification of clay minerals 
and polytypes, respectively. The random mounts were scanned 
by and X-ray diffractometer using CuK-alpha radiation (Kv 30, 
Ma 30) from 18 to 48 degrees 2-theta for hkl reflections.
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XIII Appendix 2:
Geochemical Analyses of Breccia Body Samples (Au in ppb, Fe & Ca in wt%, Others in ppm)
Sample Au B r Na Ca Sc Or F« CO N1 Bn A8 As 8S 8s Br 8b Sr Xo *9 sb
MSBCS2 14 92 6700 300 16 5.4 75 2.25 8 <200 530 400 350 0.9 <3 2 100 <500 <5 <5 22
MSBSSl 40 DO 26 8300 100 21 0.9 120 0.62 2 <200 100 307 310 0.1 <3 2 <20 <500 7 <5 33
M8BMD1 940 41 12000 200 21 3.7 56 1.05 4 <200 350 676 590 0.4 <3 2 30 <500 <5 <5 69
M8BMP3 28 14 5800 100 29 1.2 29 0.64 1 <200 380 430 380 1.9 <3 2 <20 <500 <5 <5 11
NSBCBl 260 25 1300 100 27 2.5 42 0.67 2 <200 170 215 220 1.1 <3 2 20 <500 <5 <5 11
MSB8B2 5 25 9400 200 28 1.5 15 0.50 2 <200 70 49.2 49 0.4 <3 1 <20 <500 <5 <5 0.8
N8BSB3 1200 32 15000 200 11 1.1 130 1.52 2 <200 520 738 590 0.4 <3 2 20 <500 8 <5 37
M8BK1 9 45 820 400 12 6.6 120 1.95 13 <200 90 307 310 2.5 <3 3 30 <500 9 <5 0.8
MSBOKI 720 26 5300 200 21 2.7 74 1.07 2 <200 260 707 640 0.9 <3 3 20 <500 7 <5 37
HSB-2 730 <10 2100 100 29 1.6 21 0.43 1 <200 230 307 300 3.9 <3 2 <20 <500 <5 <5 7.4
BSB-4 340 27 76000 200 16 0.8 65 0.50 1 <200 260 184 190 0.2 <3 2 <20 <500 <5 <5 30
H8B-8 33 15 1200 600 17 3.0 47 0.21 3 <200 60 61.5 71 0.9 <3 2 70 <500 <5 <5 1.4
H8B-12 350 32 1000 100 24 4.3 33 0.90 3 <200 380 477 480 1.6 <3 2 40 <500 <5 <5 18
CMH-1 5 33 530 200 <0.5 2.2 360 0.69 2 <200 <40 19.7 20 0.4 <3 3 50 <500 20 <5 0.6
KPB-2 5000 26 4000 100 <0.5 1.3 83 3.83 <200 740 2400 2300 0.8 <10 3 <20 <500 5 <5 73
KPB-4 9100 24 28000 100 20 2.8 43 1.40 4 <200 400 1046 910 1.1 <10 3 30 <500 <5 <5 110
KFB-S 3600 32 1400 200 1.2 2.4 61 5.80 3 <200 480 2461 2800 0.7 <10 3 30 <500 7 <5 130
KPB-8 1200 27 9100 100 15 2.6 52 3.11 6 <200 1500 1230 1200 0.6 <3 3 30 <500 7 <5 61
KFS-2 30 25 780 100 <0.5 1.4 56 0.42 2 <200 <40 95.4 100 2.3 <3 3 30 <500 <5 <5 12
lDC-1 76 28 1100 1000 IB 3.8 57 1.37 5 <200 70 9.2 10 2.7 <3 2 80 <500 <5 <5 0.9
MC-l 43 19 630 500 21 2.3 23 1.04 3 <200 530 123 120 2.8 <3 1 70 <500 <5 <5 3.5
PCB-i <5 18 830 27000 1.0 3.2 76 1.98 4 <200 100 5.8 6 3.6 <3 2 200 500 <5 <5 1.1
PCB-2 7 26 770 28000 1.0 3.5 65 2.18 5 <200 70 6.8 7 0.1 <3 3 200 600 <5 <5 0.9
8Y-1 <5 34 540 35000 1.7 3.5 100 2.06 4 <200 50 1.2 <2 <0.1 <3 2 ISO 700 10 <5 0.2
BY-2 <5 23 460 32000 1.5 4.1 86 2.15 4 <200 60 0.6 <2 <0.1 <3 2 140 700 5 <5 0. 2
CO
Appendix 2 (continued)
ampls C# Ba La Ca Hd am EU Tb Yb LU B f Tb W Xr % T1 Tb V
MSBcsa 5 400 16.8 28 12 2.5 0.5 <0.5 1.5 0.21 4.5 <1 16 <20 110 12 9.9 24.5
MSBSSl 1 500 9.9 8 <5 0.4 0.2 <0.5 0.3 <0.05 0.7 <1 8 <20 990 <2 0.5 2.4
MSBMDl 3 600 11.1 20 8 1.4 0.2 <0.5 0.8 0.11 1.5 <1 10 <20 210 145 2.9 2.7
MSBKP2 1 100 3.4 7 <5 0.7 0.3 <0.5 0.4 0.06 0.5 <1 <3 <20 100 5 0.6 2.9
MSBCBl 2 700 5.1 8 5 0.8 0.2 <0.5 0.6 0.09 0.9 <1 4 <20 79 2 1.4 2.6
MSB8B2 1 100 5.0 7 <5 1.0 0.3 <0.5 0.4 0.06 <0.5 <1 <3 <20 18 2 1.1 2 2
M8BSB9 2 900 5.3 8 <5 0.5 0.3 <0.5 0.2 <0.05 <0.5 <1 7 <20 390 13 1.0 1.9
M8BB1 5 1200 9.5 16 8 1.6 0.5 <0,5 0.9 0.13 2.7 <1 11 <20 <5 41 2.9
HSBOZl 2 SOO 6.8 12 6 1.0 0.3 <0.5 0.6 0.09 1.2 <1 5 <20 260 160 1.7 2.5
MSB-2 1 100 2.6 6 <5 1.0 0.2 <0.5 0.4 0.06 <0.5 <1 5 <20 140 10 0.9 6.2
BSB-4 1 <100 120 17 6 0.7 0.3 <0.5 0.5 0.08 <0.5 <1 27 <20 390 5 0.9 1.8
BSB-B 400 10.0 19 8 1.5 0.6 <0.5 0.9 0.13 2.2 <1 6 <20 <5 3 4.0 3.8
BSB-ia 4 100 12.2 17 11 2.1 0.5 <0.5 1.2 0.18 1.2 <1 21 <20 120 120 2.4 1.9
CMB-2 3 200 15.1 28 13 2.6 0.5 <0.5 1.0 0.15 2.1 <1 <3 <20 11 <2 2.3 4.2
KBB-2 3 800 9.3 18 8 1.4 0.6 <0.5 1.1 0.17 4.5 <1 53 <20 >1000 110 12.0 5.9
KVB-4 3 600 10.5 19 8 1.4 0.5 <0.5 1.0 0.14 2.2 <1 10 <20 >1000 29 3.5 3.5
KFB-5 4 1300 8.3 15 5 0.8 0.3 <0.5 0.7 0.10 3.1 <1 10 <20 700 215 5.1 2.9
xro-8 3 200 10.5 19 7 1.2 0.5 <0.5 0.8 0.12 2.7 <1 5 <20 390 630 2.7 2.6
XFS-2 a 2100 5.3 10 <5 0.8 0.2 <0.5 0.6 0.09 3.4 <1 34 <20 21 54 4.0 2.7
LDC-1 3 500 16.0 29 12 2.1 0.4 <0.5 1.0 0.15 2.0 <1 10 <20 8 <2 4.4 1.5
MO-I 4 400 15.0 29 12 2.2 0.9 <0.5 1.0 0.19 1.8 <1 <3 <20 35 23 3.5 2.7
PCS-1 9 1400 29.0 42 14 2.8 0.6 <0.5 1.7 0.26 4.9 <1 7 <20 11 <2 12.0 5.1
FCB-2 9 1400 28.8 50 18 2.9 0.7 0.5 1.6 0.24 5.0 <1 8 <20 11 <2 13.0 5.8
SY-1 3 1300 25.0 44 19 3.5 1.1 0.5 1.9 0.29 3.9 <1 <3 <20 8 <2 8.5 3.1
8Y-2 3 1600 26.3 46 21 3.8 1.2 0.6 2.0 0.30 4.8 <1 <3 <20 13 <2 7.4 3.9
u
Sample 
MSBCS2 -
MSBSSl -
MSBMDl - 
MSBMP2 - 
MSBCBl -
MSBSB2 -
MSBSB3 -
MSBKl
MSBOZl -
HSB-2
HSB-4
HSB-8
HSB-12 -
CMH-2
KPB-2
KPB-4
KPB-5
KPB-8
KPS-2
LDC-1
MC-1
PCB-1
PCB-2
SY-1
SY-2
Appendix 2 (con't)
Sample Descriptions
Description
Muleshoe breccia body, Lithified Mississippian 
cave-infill sediment 
Muleshoe breccia body, Clast-supported breccia w/ 
sand-sized matrix
Muleshoe breccia body. Matrix-supported breccia 
Muleshoe breccia body. Multiphase breccia 
Muleshoe breccia body, complex heterolithologic 
breccia
Muleshoe breccia body, unclassified breccia in the 
field
Muleshoe breccia body, unclassified breccia in the 
field
Muleshoe Pit, Kibbey Formation, sandstone
Muleshoe Pit, ore zone on pit floor
Horseshoe breccia body
Horseshoe breccia body
Horseshoe breccia body
Horseshoe breccia body
Cemetery Hill breccia body
Kendall breccia bodyy
Kendall breccia body
Kendall breccia body
Kendall breccia body
Kendall pit, syenite
Little Dog Creek breccia body
Mason Canyon breccia body
Plum Creek breccia body
Plum Creek breccia body
Syenite-fresh
Syenite-weak propylitic alteration
